Culture supernatants of 26 strains of Staphylococcus aureus possessing 6-hemolytic activity have been tested by immunodiffusion against a serum raised against purified 8-hemolysin from S. aureus CN 4108 (Newman D2). Supernatants from 14 strains of canine origin gave a reaction of partial identity with 8-hemolysin from CN 4108, whereas supernatants from all other strains had full identity. Delta hemolysin from one of these canine strains, CN 7450, was purified by ammonium sulfate fractionation and precipitation at pH 4.5. The physical, chemical, and biological properties of this toxin were compared with those of 8-hemolysin from CN 4108. Differences in molecular weight (as judged by Sepharose 6B chromatography), isoelectric point, and amino acid composition were found. Both toxins caused dermonecrosis in rabbits, lysed erythrocytes from several different species, and were inhibited by normal sera and phospholipids. Unlike 8-hemolysin from CN 4108, the hemolytic activity of 8-hemolysin from CN 7450 was found to be dependent on the incubation temperature over the range of 25 to 37°C. Immunodiffusion results obtained with antisera raised against purified 8-hemolysin from CN 7450 indicated that 8-hemolysins from the canine strains were probably identical and confirmed that these differ immunologically from 8-hemolysin from CN 4108.
Staphylococcal 8-hemolysin has been purified by several different workers (2, 15, 18) . However, several major differences in the properties of the 8-hemolysins prepared in these laboratories have been reported. Thus, delta hemolysin obtained from the E delta strain (2) has phospholipase activity, whereas 8-hemolysin from the Wood 46M strain has none (15, 18) . The specific activity of the former toxin is also approximately two orders of magnitude greater than that of the latter.
Several workers have been successful in raising antibodies against purified 8-hemolysin preparations by injecting milligram quantities of the toxin either subcutaneously or intramuscularly into rabbits-usually in combination with Freund complete adjuvant (1, 8, 12) . In view of the reported differences between 8-hemolysins prepared from different strains, it was decided to examine the immunological diversity of 8-hemolysins produced by a number of strains of S. aureus from several origins by using such an antiserum. Culture supernatants demonstrating 8-hemolysin activity were tested for cross-reactivity in immunodiffusion experiments. The results of this investigation led to 486 TURNER tained so that the oxygen level never fell below 50% saturation. Cultures were harvested in early stationary phase after about 9 h of growth.
The canine strain of S. aureus CN 7450 was grown in baffled 2-liter flasks containing 500 ml of medium. All other strains were grown in 100-ml baffled conical flasks containing 10 ml of medium and were shaken for 18 h at 140 cycles/min on a rotary shaker.
Immunization schedule. Hyperimmune antisera were raised in female Californian strain rabbits (Hylyne, Marston, Northwich, Cheshire, United Kingdom) by using the schedule of Novotny and Turner (21) , except that Freund complete adjuvant was used instead of incomplete Freund adjuvant. Two 2-mg doses of purified toxin were injected intramuscularly with Freund complete adjuvant 12 Assay of 8-hemolysin. The method of 6-hemolysin assay was that of Kantor et al. (15) except that equine rather than human erythrocytes were used. Because the level of hemolysis was found to vary with the sample of blood used, the results were related to a standard preparation of freeze-dried culture supernatant to which an arbitrary value of 50 hemolytic units (HU) per ml had been assigned.
Polyacrylamide gel electrophoresis. Discontinuous polyacrylamide gel electrophoresis was carried out by using the 7% gel alkaline system (pH 9.3) of Davis (6) and the 7.5% gel acidic system (pH 4.3) of Reisfeld et al. (23) . After electrophoresis, gels were stained with naphthalene black 12B in 7% (vol/vol) acetic acid and then destained with 7% acetic acid. Polyacrylamide gel electrophoresis in sodium dodecyl sulfate was carried out as described by Weber and Osborn (28) .
Isoelectric focusing. Isoelectric focusing was carried out in an L.K.B. (Croydon, Surrey, United Kingdom) 8101 110-ml column by using a 1% ampholine concentration and a pH range of 3 to 10. Care was taken to ensure that the power never exceeded 3 W, and that the column was maintained at 4°C. Sample was loaded onto a stepwise sucrose gradient in accordance with the manufacturer's instructions. Isoelectric focusing was also carried out on polyacrylamide gels by using a 4.86% acrylamide gel and 2.5% ampholine concentration (pH 3 to 10) (24) . The gels (ca. 0.7-cm diameter by 8-cm To determine whether a-or fi-hemolysin was present in the preparations, similar experiments were carried out with both sheep and rabbit erythrocytes by using normal rabbit serum to inhibit the 8-hemolysins. Because /3-hemolysin has a requirement for magnesium, the phosphate-buffered saline was made to 10 mM with respect to MgCl2 (11) .
Amino acid analysis. Amino acid analysis was carried out on a Beckman 120C analyzer by the method of Spackman et al. (27) 
RESULTS
Immunodiffusion. To investigate the immunological diversity of 8-hemolysins formed by different strains of S. aureus, crude supernatants of CCY medium cultures were prepared. Twenty-six of these culture supernatants lysed horse erythrocytes to a level greater than 16 HU/ml, and these were selected for immunodiffusion experiments.
Since it is known that 6-hemolysin can react with serum nonspecifically, it was necessary to use IgG prepared from the antisera raised against 8-hemolysin from strain CN 4108. Delta hemolysin from CN 4108 was purified by the method of Kreger et al. (18); details of the method used for preparing the canine strain 8-hemolysin are described below.
A single line was obtained when the IgG preparations were tested against either purified 8- hemolysin from CN 4108 or crude CCY culture supernatant of this strain. Crude supernatants of some of the bovine strains, however, gave two lines of precipitation, only one of which had identity with pure &-hemolysin from CN 4108. The other line may have been caused by the presence of protein A in the crude culture supernatants.
Of the 26 supernatants tested, 12 appeared to give lines of identity with purified 8-hemolysin from CN 4108 (Table 1) . However, the remaining 14 supernatants from strains of S. aureus that were all of canine origin produced only faint precipitin lines with spurring ( Fig. 1) . Because of this observation, it was decided to purify the 8-hemolysin from one of the canine strains, namely S. aureus CN 7450, for more detailed studies (see below).
When supernatants were tested against IgG preparations of sera raised against purified 8-hemolysin from CN 7450, a single line of identity was observed between the 8-hemolysin from CN 7450 and a faint line with spurring against purified 8-hemolysin from CN 4108. The serum (Fig. 1) . Culture supernatants of strains other than the canine strains gave several faint lines, none of which had identity with 8-hemolysin from CN 7450. Purification of 8-hemolysins from S. aureus CN 7450 and CN 4108. Initially, the purification procedure of Kreger et al. (18) , which had worked well for 8-hemolysin from S. aureus CN 4108, was tried with 6-hemolysin from S. aureus CN 7450. It became apparent that the toxin from the latter strain was much more susceptible to inactivation on gels or ion-exchange cellulose. Consequently, an alternative purification procedure was devised in which crude culture supernatant was first made to 3.5 M with respect to (NH4)2SO4 by addition of the solid salt and then maintained at 40C for several hours. The resulting suspension was centrifuged (13,000 x g at 4°C for 20 min), and the precipitate was dissolved in Tris buffer (pH 8.0, 0.1 M). Any residual material was removed by further centrifugation, and the supernatant was brought to pH 4.5 by addition of concentrated HCI. The precipitate was again removed by centrifugation and dissolved in Tris buffer. The acid precipitation step was then repeated, and the toxin was finally precipitated by addition of saturated (NH4)2SO4 solution to a final level of 40% saturation. The precipitate was removed by centrifugation and dissolved in Tris buffer, and any insoluble material was removed by further centrifugation. The results of a typical purification are shown in Table 2 .
Delta hemolysin from S. aureus CN 4108 was purified by the method of Kreger et al. (18) by using hydroxylapatite obtained from Bio-Rad Laboratories, Richmond, Calif. The specific activity of the purified toxin was 150 to 200 HU per mg of protein, and recovery was in the region of 50%. Delta hemolysin from both CN 4108 and CN 7450 failed to lyse either sheep or rabbit erythrocytes in the presence of normal rabbit serum, indicating the absence of a-or ,B-hemolysin. The pure preparations were free of protease activity, as judged on gelatin and casein agar plates (5), lysozyme (14) , deoxyribonuclease (22) , and fibrinolysin (29 individually subjected to chromatography on a column (32 by 2.5 cm) of Sepharose 6B (Fig. 2) . The elution volume for 8-hemolysin from CN 4108 was about 90 ml, whereas for 8-hemolysin from CN 7450 it was 70 ml, indicating that the former toxin had a lower apparent molecular weight. For each hemolysin the specific activity of the individual fractions was constant (which was another indication of the purity of the two preparations) and similar to the specific activities of the samples loaded onto the column. From this observation it is concluded that no major changes in the volume or shape of either toxin are likely to have taken place, as this would have been reflected by a change in the level of specific activity.
Isoelectric focusing. Isoelectric focusing profiles of the two S-hemolysins are shown in Fig. 3 . Delta hemolysin from CN 4108 focused as two peaks at pH 4.5 and 9.5. Refocusing of the basic peak on polyacrylamide gel yielded two bands corresponding to the acidic and basic peaks obtained on the column (Fig. 4A) . In contrast, 8-hemolysin from CN 7450 focused as a single peak at pH 7.8 (Fig. 3B and 4B ). Delta hemolysin from this strain precipitated on focusing, but redissolved spontaneously as soon as it was removed from the column.
Polyacrylamide gel electrophoresis. With the basic system of Davis (6), 6-hemolysin from CN 4108 remained near the origin as a single band, but in the acidic system of Reisfeld et al. (23) , the toxin moved as a single band (Fig. 5A) . Delta hemolysin from CN 7450 could not be separated on polyacrylamide gel, as its pI was 7.8 and it precipitated under acid conditions.
The two hemolysins were also examined by using the sodium dodecyl sulfate-polyacrylamide gel electrophoresis technique of Weber and Osborn (28; Fig. 5B ). Delta hemolysin from CN 4108 gave one heavily staining band, which had an estimated molecular weight of 82,000, and three faint bands, which had molecular weights of 65,000, 48,000, and 30,000. In contrast, 8-hemolysin from CN 7450 gave a single band that had the same mobility as the tracking dye and, therefore, a molecular weight of less than 10,000.
Amino acid analysis. The results of amino acid analysis of the two 8-hemolysins are shown in Table 3 . Both toxins had low levels of histi- carrier ampholytes, 28 g of sucrose, and 42 ml of distilled water. Both 6-hemolysins were dialyzed against 1% (wt/vol) glycine for 18 h and were then placed on the column by substituting the dialyzed toxin preparations for three of the less dense solution fractions used in making the sucrose gradient. Focusing was carried out for 2 days at 40C and at a final voltage of 800 V. Fractions were assayed for hemolytic activity after neutralization (0), absorbance at 280 nm (0), and pH (A). The peak of absorbance at 280 nm in the initial fractions was an artifact that was present even in the absence of sample. dine, arginine, cystine, and tyrosine. The major difference between the two toxins lies in the relative amounts of glutamic and aspartic acids. The lower level of aspartic acid (or aspargine) in 6-hemolysin from CN 7450 was balanced by a higher level of glutamic acid (or glutamine), compared to 6-hemolysin from CN 4108. A small quantity of organic phosphate was present in both preparations.
Inhibition by phospholipids and normal sera. Four hemolytic units of both 6-hemolysins were inhibited by 25 A1 of normal rabbit serum, 50 ILI of guinea pig serum, and 10 1d of calf serum, and also by 50 yIg of lecithin and 25 mg of phosphatidyl inositol. Inhibition was not observed however, with artificial phosphatidylcholine dipalmitoyl, phosphatidylcholine distearoyl, or phosphatidylethanolamine (16) . No hemolysis was detected with either 6-hemolysin in the presence of normal rabbit serum when tested against sheep or rabbit erythrocytes, indicating the absence of a-or ,8-hemolysin.
Effect of blood cell concentration. To assess the effect of blood cell concentration on the hemolytic titer of a standard quantity of each of the hemolysins, several different blood suspensions were made up and tested by the normal procedure. It was found that, with each toxin, the 50% lysis end point varied considerably with erythrocyte concentration. The highest titer was obtained with the lowest blood cell concentration (0.5%, vol/vol) in each case, and this titer was reduced to about 0.08 of its former value when the same level of toxin was tested with a blood cell concentration of 5.0% (vol/vol).
Lysis of erythrocytes from different species. The degree of hemolysis of the two toxins was assayed by using erythrocytes from different animal species. Similar results were observed with each hemolysin, and only with sheep erythrocytes was a significant difference observed. Effect of temperature. When the degree of hemolysis of the two hemolysins was assessed at different temperatures, the degree of lysis by 6- hemolysin CN 7450 was found to vary considerably with temperature, whereas no such difference could be detected with 6-hemolysin from CN 4108 over the range tested ( Isoelectric focusing of8-hemolysin CN4108 (A) and 6-hemolysin CN 7450 (B) on polyacrylamide gels. The gels were prepared as described in the text by using 6.3% (vol/vol) of40% carrier ampholytes (pH 3.5 to 10.0). In each case the final concentration of toxin was about 100 ,ug/ml. of hemolysis was determined at several different temperatures for each toxin by using the method of Kapral (17) (Fig. 6 ). Delta hemolysin from CN 4108 gave progress curves in which about 80 to 90% of the total reaction took place in the first minute. With &-hemolysin from CN 7450, the rate of hemolysis was much slower and at the lowest temperature (2500), only 74% of the reaction was completed after 10 min, contrasting with 37°C where about 90% of the reaction was complete after 4 min.
Dermonecrosis. Delta hemolysin from either CN 4108 or CN 7450 produced necrotic lesions when injected intradermally into the skin of rabbits (Fig. 7) . For each toxin an erythematous lesion was produced by 100 jig of toxin after 24 h. At higher doses (i.e., 0.5 mg) a necrotic area developed inside an erythematous zone. The amino acid compositions of the two toxins are similar in that low levels of histidine, arginine, cystine, and tyrosine are present in both, and the percentages of valine and methionine are very similar. On the other hand, differences in composition are also apparent, i.e., the relative levels of aspartic acid (asparagine) and glutamic acid (glutamine). Of the two 8- Fi(;. 6. The hemolysis of 6-hemolysin CN 4108 (A) and 6-hemolysin CN 7450 (B) at different temperatures. In each case samples were withdrawn at timed intervals, hemolytic activity was immediately neutralized with excess lecithin, and the degree of hemolysis was then estimated spectrophotometrically at 545 nm and compared to a blood sample that had been completely lysed (17) . Experiments were carried out at 25°C (0); 30°C (-); 33°C (O), and 37°C (A).
DISCUSSION
VOI.. 20, 1978 (20) . No such variation is found with a-and ,Bhemolysins, which are both thought to act catalytically. The hemolytic activity of the two toxins at different temperatures and, in particular, the progress curves of hemolysis obtained at these temperatures nevertheless do suggest that there may be some difference in the mechanism of hemolysis.
